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Abstract : The applicability of chitin and chitosan for prolonged-release preparations of a
water soluble drug was examined. In this study, the dissolution behavior of physical and
ground mixtures of p-aminosalicylic acid(PAS), a water soluble drug, with chitin and chitosan
was investigated. The intensity of powder X-ray diffraction pattern in a ground mixture
(GM) was smaller than that of a physical mixture (PM), suggesting a relative decrease
in the size of the crystals of PAS in the ground mixture, The dissolution rate of PAS
from the ground mixtures was significantly slower than that from the physical mixtures
or from pure PAS powder. Particularly, the ground mixture with chitosan showed the slowest
dissolution, These results indicated that the 1:2 ground mixing ratio of PAS-chitosan
mixture might be suitable and the results obtained at this ratio could be practically useful,
because of the amount of excipient should be small for formulation,
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INTRODUCTION

The applicability of natural polysaccharides
such as agar,' Konjac’, pectin® in the design of
dosage forms for sustained release has been examined.
Chitin, a polysaccharide consisting of £-2-ace-
toamino-2-deoxy-D-glucose units is one of the
principal ingredients of bone of the Cuttlefish
and shell of the Crustacea such as crabs, lobsters,
prawn and shrimps, and chitosan (/3-2-amino-
2-deoxy-D-glucan) is easily prepared from chitin
by N-deacetylation with alkali, Chitin and chitosan
have been reported to have some useful medical
applications.” For example, chitin has been used
as a wound-healing accelator, a blood anticoagulant,
89 4 biodegradable pharmaceutical carrier,mw12
chitosan membranes have been also proposed as
an artificial kidney membrane.”® Despite these
applications, chitin and chitosan are still little
utilized in the pharmaceutical field. Since chitin
and chitosan don’t present any biological hazard,
and inexpensive, these natural polymers might
be suitable for use in the preparation of dosage
forms of commercial drugs.

The aim of the present study was to prepare
a prolonged release preparation of a water soluble
drug as a part of a series of studies on pharmaceutical
applications of chitin and chitosan, and p-amino-
salicylic acid was selected as a model substance
for the evaluation of prolonged-release of water-
soluble drugs from the powders containing chitin
and chitosan,

EXPERIMENTAL

Materials and Instruments

Chitin and chitosan from Sigma Chemical Co.
(US.A) was ground in a ball mill and used after
passing a 200 mesh sieve, p-Aminosalicylic acid
(PAS) was obtained from Tokyo Kasei Ind. Co,
All other chemicals were used reagent grade without
further purification. Powder X-ray diffractometry
was carried out using a Philips Model PW-1700
diffractometer with Ni-filtered Cu-Ka radiation,
A Dupont Model 99 differential scanning calorimeter
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(DSC) was used. Each sample, containing 3 mg
of PAS was subjected to DSC in the sample pan
for solid samples at a scanning speed of 10°C / min.
Preparation of Ground Mixtures

Nine gram samples of ground mixtures of PAS
with chitin or chitosan in 1:2, 1:4, and 1:8
weight ratios were prepared by grinding in a ceramic
ball mill for 24 hr,
Preparation of Physical Mixtures

Physical mixtures of PAS with chitin or chitosan
inl1:2,1:4 and 1 : 8 weight ratios were prepared
by simple blending in a ceramic mortar,
Dissolution Rate Study

Dissolution rate of PAS from the different test
preparations were measured in 500ml of phar-
macopeial disintegration medium of pH 1.2 at
37+0.1C and 200 rpm in dissolution tester
(Cecil Instrument ABMTM Project 2329). The
amount of PAS was used 1.25g-equivalent, because
of the saturated concentration of PAS in pH
1.2 at 37C was measured to be 2.5g/1. Each
test preparation was transfered directly into the
dissolution medium and stirred with a two-bladed
stainless steel paddle . At appropriate time intervals,
5.0ml of test solution was withdrawn and filtered
through a membrane filter (pore diameter (.45
#m). An equal volume of fresh medium was replaced
immediately.

Each test solution was analyzed for PAS with
a ultraviolet (U.V.) spectrophotometer at 300
nm, Also, the absorbance of solution of different
concentration of pure PAS was measured after
filteration through a membrane filter to obtain
a calibration curve for PAS, Experiments were
done in triplicate, and the mean values were obtained.

RESULT AND DISCUSSION

Powder X-ray diffraction patterns of PAS are
shown in Fig, 1, 2. Pure PAS showed diffraction
peaks at 2g degree of 16.8, 25.8, 26.6, 27.5 etc.,
indicating the presence of crystalline PAS. The
physical mixture also showed sharp diffraction
peaks derived from the remaining crystalline PAS,
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action patterns of PAS and chitin mixture.

PM : physical mixture, GM * ground mixture

However the diffraction intensity of PAS in the
ground mixture was smaller than thatof a physical
mixture, guggesting a relative decrease in the
size of the crystals of PAS in the ground mixture.

Fig. 3 shows the endothermic peak of melting
of PAS obtained by differential scanning calorimetry
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for pure PAS, mixtures with chitin or chitosan.
Pure PAS showed the endothermic peak of melting
at 146°C. The peak due 10 the fusion of PAS
in the chitin mixture appeared near 150°C, while,
it appeared at 148°C 162TC in physical mixture
and ground mixture with chitosan.
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Fig. 2. Powder X-ray diffraction patterns of PAS and chitosan mixture,

PM : physical mixture, GM : ground mixture

Also, the relative enthalpy change of melting
of PAS is shown in Table 1. This relative enthalpy
change may be considered to correspond to the
apparent degree of crystallinity. Table 1 indicates
clearly that the relative enthalpy change of chitosan
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mixture is smaller than that of chitin mixture
in 1:2 mixing ratio, but the relative enthalpy
change of mixtures with the greater ratio of excipient
was not determined, because the endothermic
peak of PAS was not recorded on the thermograms
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Fig. 3. DSC thermograms of PAS, physical mixture
and ground mixture in 1 : 2 mixing ratio,
A : PAS alone, B : PAS-chitin PM, C : PAS-
chitin GM. D : PAS-chitosan PM, E : PAS-
chitosan GM

Table 1. Relative Enthalpy Change of Melting
of PAS" at Various Mixing Ratios

PAS-excipient 1:2 1:4 1:8
PAS-chitin 0.74 - -
PAS-chitosan 0,58 —_ fnd

% &Hof GM

~Hof PM_(4H : enthalpy change of melting

obtained by DSC)

of the ground mixture with chitin or chitosan.
This result indicates that the interaction between
PAS and chitosan is greater than that of PAS
and chitin in ground mixture,

The calibration curve for pure PAS by using
U.V. -spectrophotometer at 300 nm is shown in
Fig. 4.

The dissolution patterns of PAS from the 1:2
PAS-chitin ground mixture and the same ratio
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Fig. 4. Calibration curve for pure PAS in disintegration
medium(pH=1.2) at 37C.
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Fig. 5. Dissolution of PAS from mixture(1 : 2 ratio)
with chitin in 500 ml of disintegration medium
(pH=1.2) at 377,

T 60 120

physical mixture are shown in Fig. 5. Also, those
from the 1:2 PAS-chitosan test systems are shown
in Fig. 6. The dissolution rate of PAS from the
physical mixture with chitin was observed to
be a little slower than that from the intact PAS,
while the dissolution rate from the ground mixture
with chitin or chitosan was slower than that from
the physical mixture of the same ratio, This result
indicates that chitin or chitosan in the ground
mixture than these in the physical mixture is
responsible for the prolonged dissolution rate of
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Fig. 6. Dissolution of PAS from mixture(1: 2 ratio)
with chitosan in 500 ml of disintegration medium
(pH=1.2) at 377C.
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Fig. 7. Dissolution of PAS from mixture(1 : 4 ratio)
with chitin in 500 ml of disintegration medium
(pH=1.2) at 37C.

PAS.

The dissolution patterns of PAS from thel:4
PAS-chitin ground mixture and physical mixture
of the same ratio are shown in Fig.7. Also, those
from the 1:4 PAS-chitosan test systems are
shown in Fig. 8.

As well dissolution patterns of PAS from the
1:8 PAS-chitin mixtures in comparison with
that from PAS alone are shown in Fig. 9, and
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Fig. 8. Dissolution of PAS from mixture(1 : 4 ratio)
with chitosan in 500 ml of disintegration medium
(pH=1.2) at 37C.
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Fig. 9. Dissolution of PAS from mixture(1 : 8 ratio)
with chitin in 500 ml of disintegration medium
(pH=1.2) at 37TC.

Fig. 10 show the dissolution rate of PAS from
the 1 : 8 PAS-chitosan mixture,

As shown in Fig. 7,8, 9, and 10, the dissolution
of PAS from mixtures was significantly slower
than that from PAS alone., Consequently, every
ground mixture gave slower dissolution than every
physical mixture and PAS alone. Specially, ground
mixture with chitosan gave the slowest dissolution,

In comparison with the mixing ratio of 1:2,
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Fig. 10. Dissolution of PAS from mixture(1 : 8 ratio)
with chitosan in 500 ml of disintegration
medium (pH=1.2) at 37TC.

1:4 and
showed greatly prolonged dissolution rate, While,

1:8 ground mixtures with chitosan

the mixtures with chitin showed only slightly
prolongation. The difference of dissolution of PAS
from ground mixtures, physical mixtures and PAS
alone was considered to be simply attributable
to the difference in the interaction such as association
between PAS-disintegration medium and PAS-
chitin or chitosan. Also, the difference of PAS
from ground mixture and physical mixture was
attributed to the relative decrease in the size
of the crystals of PAS in the ground mixture,
and was reflected the reducing effect of chitosan
on the relative enthalpy change of PAS observed
in the DSC study.

In addition, the role of chitin or chitosan in
the different prolongation of the PAS dissolution
rate between the ground mixture and the cor-
responding physical mixture is quite interesting.
In other words, PAS mixture with chitin act almost
independantly in the physical mixture, while chitosan
in the physical and ground mixtures alters the
physical properties and solubility of PAS,

Considering the usual clinical dose of PAS used
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in practice, the amount of excipient should be
small for formulation. Therefore, the 1 : 2 mixing
ratio of PAS-chitosan excipient might be suitable,
and the results obtained at this ratio could be
practically useful.

In conclusion, co-grounding with chitin and
chitosan reduced the size of the crystals of PAS
and the dissolution rate of PAS was greatly prolonged.

REFERENCES

—

M. Nakano, Y. Nakamura, K. Takikawa, M.

Kouketsu, and T, Arita, J. Pharm. Pharmcol.,

31, 869(1979).

2. M. Nakano, K: Takikawa, and T. Arita, Membrane,
3, 141(1978).

3. Y. Takahashi, N. Nambu, and T. Nagai, Chem.
Pharm. Bull., 26, 3836(1978).

4. K. H. Kim, K. S. Kim, and J. S. Shin, Polymer
(Korea), 11, 133(1987).

5. R. G. Buckles, J. Biomedical Materials Res.,
17, 109(1983).

6. Y. Ikada, Kobunshi, 36, 422(1987).

. L. L. Balassa, U. S. Patent, 3,911,116(1975).

8. R. J. Whistler and M. Kosik, Arch. Biochem.
Biophys., 142,106(1971).

9. R. A. A. Muzzalelli, F. Tanfani, and M. Emanuelli,
Carbohydrate Research, 126, 225(1984).

10. R. C. Capozza, Germany Patent, 2,505, 305
(1975).

11. W. M. Hou, S. Miyazaki, and M, Takada,
Chem. Pharm. Bull., 33, 3986(1985).

12. Y. Sawayanag, N. Nambu, and T. Nagai,
Chem. Pharm. Bull., 31, 2064(1983).

13. L. A. Buffington and E. S. Stevens, J. Am.

Chem. Soc., 101 5159(1979).

-

Polymer(Korea) Vol. 12, No. 1, February 1988



